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A Simulator Study on the Safe Evacuation Interface for Electric Vehicle Fire Incidents

Hojun Lee" - Sara Hong” - Ji Hyun Yang ™

YGraduate School of Automotive Industry, Kookmin University, Seoul 02707, Korea
Y Graduate School of Automobile and Mobility, Kookmin University, Seoul 02707, Korea
¥ Department of Automotive Engineering, Kookmin University, Seoul 02707, Korea
(Received 2 April 2024 / Revised 12 August 2024 / Accepted 14 August 2024)

Abstract : Electric vehicle (EV) fires are rising with the growth of EVs. As manual driving decreases due to automated
driving system technological advancement, responding to EV fires could even become more challenging, which may affect
passenger safety. This study explored a safety evacuation interface that provides visual, auditory, and haptic warnings during
such emergencies to facilitate vehicle control and evacuation. To evaluate the effectiveness of the investigated safety
evacuation interface, a human-in-the-loop experiment was conducted using a driving simulator with 33 participants, where
data on driving behavior and survey responses were collected. The results indicate that the safe evacuation interface leads to a
lower steering reversal rate and a higher sense of stability, situational awareness, and reduced stress compared to the
condition without the safety evacuation interface. This research highlights the potential of escape assistance systems in
enhancing rapid evacuation during EV fires, providing a comprehensive basis for further research.

Key words : Driver-vehicle interaction(-=>AZ}-2}5F AF S A1), Driving simulator(5=38 A &d|°]#]), Electric car fire(A7]
2} 7)), Safe evacuation interface(RF T 1] {IE|H|o]A), Warning(Z)
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Table 1 Independent variables

Safety evacuation Interface . . .
. Context Location Specification
interface type
The same view as the side mirror is provided at the
Used Visual center fascia position, with a wider angle than the Center fascia Size: 305 x 201 mm
side mirror
When a vehicle is within a 10m distance and a
. . . . | Dashboard above
Used Auditory 60-degree angle in the rearview, an earcon alarm is ak 1,500 + 560 Hz, 70 dB(A)
speaker
provided. P
When a vehicle is within a 10m distance and a Period: 0.2 s(ON) /
. . . . . Back support
Used Haptic | 60-degree angle in the rearview, a haptic seat alarm is and Seat pan 0.05 s(OFF),
provided. P Intensity: 1g
Safety Interface is not supported. The driver performs . .
Not used Visual . . . . Side mirror -
safety evacuation by looking at the side mirror.

T T AT S 7HH AL Ak o] 2 <ls) dEE
Zt QIE| o] == AlE | Alofol] 91|k, 7]&=2] A}
HHTh O G 37 AlEg o] & Fall
Al AR =g B} a4

T AE=F A A= S th(Photo. 1)(Table 1).
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o™l

A} V9] Aol = AlEdelH A3 S A
ZF A7l o] FHel whE Aol A 3ke] avE v gt
A2t A4S AR F SHAA] EAg Ay o]o] &
(Earcons) & o] Alo] 3k 3ol 4] 71 w2 A <1
A A ZEE 22 ARSI o] 2 gk Aabe Aloj
A%} 22 Qg Aol A o]ojE S AMEShe]
35S w2 A JAAA S-S YERATE 2 ATl A= 1
A A 43P 0.2 Aba WA S A =S ) S5 2
©] 10 m ©J, 60° o= 338 7% 1,500 + 560 Hz<]
T 7Ne] ol §d¥ ool &¥l o % “BEEP ~ BEEP”
ZE7h At E AAISI T o] 24, H7HA EfS
Bl AR 2 WA A 3 2R S &)

I
AAT 5 YES sk

:110 j
I H
X
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Table 2 Dependent variables

Hojun Lee - Sara Hong - Ji Hyun Yang

Category

Dependent variables

(V)

Unit

Description

Vehicle

Evacuation time (ET)

[s]

The time elapsed from the occurrence of the event warning to arriving at the narrow road

Steering wheel angle
deviation (SWD)

[degree]

Maximum deviation of steering wheel angle after TOR

Steering wheel reversal
rate (SRR)

[count/s]

Reversal rate of steering wheel angle when driver operates steering wheel more than 3
degrees

Survey

Stability

[point]

The driver’s sense of stability during the safety evacuation process

How much sense of stability did you feel when the system was used to evacuate the
vehicle? - No sense of stability at all (1), Almost no sense of stability (2), Somewhat
lacking in sense of stability (3), Neutral (4), Slightly felt a sense of stability (5), Felt a
sense of stability (6), Felt a very strong sense of stability (7)

Situational awareness

[point]

Driver’s situational awareness during safety evacuation process

When the system was used to evacuate the vehicle, please select how you felt about your
awareness of the surrounding situation - Completely unaware (1), Almost unaware (2),
Somewhat unaware (3), Neutral (4), Somewhat aware (5), Almost fully aware (6),
Completely aware (7)

Attention concentration

[point]

Driver's attention concentration during safety evacuation

When the system was used to evacuate the vehicle, please select how you felt about your
level of attention and focus - Completely unable to focus (1), Almost unable to focus (2),
Somewhat unable to focus (3), Neutral (4), Somewhat able to focus (5), Almost fully
focused (6), Completely focused (7)

Stress

[point]

The level of stress felt by the driver during the safety evacuation process.

When the system was used to evacuate the vehicle, please select how you felt about the
level of stress - Felt very high stress (1), Felt high stress (2), Felt somewhat stressed (3),
Neutral (4), Felt somewhat unstressed (5), Felt almost no stress (6), Felt no stress at all (7)

Preference

Preference of visual, auditory, and haptic interfaces in safety evacuation interface
systems

Please select the type of interface you preferred the most - Visual interface, Auditory
interface, Haptic interface

Hem AH WAL Fa e F Aol EANG W oIS 0T O (Table 2). # ATIAE SRR
Az 5780l Edth e 3] AR HA7F A 2H] AFEE T3l A71AF A o & o] F- b oy QlE
o g & ol AN WAL N o) Adelsl Bersh o)z AL ZAGA LA A4 Aol e
of b &tA o] rh= 212 oW FHek(Table 2). 43S BV} gk

3.3.2 X3F2t MK Steering Wheel Angle Deviation, SWD) 3.3.4 M2 Z|HE(Survey Indicator)
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SRR =1 ~Elojg = gho] 247} #9-5 3% A HIARE o 2Ed2E dvid =45E
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20 A2k, 7} F 7t ) Fol A g A e

B 7131 TH(Table 2).

34 43 AL

3.4.1 27|z} 3FA Z1(Electric Vehicle Fire Warning)

B Aol E A ARt aSes 120 A

A1 100 kmhz FREA L 24 WAAE E32 100
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Aol A8k A71AF S4A| AL Al 2=glo] Afgaho] x;
F& 2= g9 sk AlveE| eE stk dA A
B2F A EA1E A 7] 2= BMS(Battery Management
System)Z E38] AAIZro 2 wA} Al 2ES WU EHF
shal Qlom, A7 A H ™ S ~Eof] < 7| &| Al 2~
95 A Al 0wk ofol & Ao dilo] A|E T
et o]y g Ao o= S - B o17] 5 A

44 £E 24 DS B 43 EAS A3k

Photo. 2 Electric vehicle fire warning

Manual dl'i\:ing Eleetric Vehicle Fire Warning

S OFamdt O O

— — — — —
Flectric Vehicle Fire Waming

Fig. 1 Driving scenario
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93] Fa)alA) ok 79 AAF T 0F300 ~ 340%
7} A3 A7) AF Sk Ao wAysie) ou), AE
A= Blek AR o7 TAE AA7A A Al E
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(Fig. 1).
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3.5 A 2|

2 AFelAe IRt 21tk sk Al e
KMU-DS 2t Al &2 0B & -8 3 th(Fig. 2). A& ¢]
B+ A LF 224ELS 7)90 2 %) Full-Scale 53 Al &

Evacuation Terminated

Condition 1= Condition 2:
Safioty Evacuation Interface Usced Safety Evacuation lnterface Not Used
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Table 3. Participant information

Details
33 (valid data: 30)
Male: 15 (50 %)

Category

Number of participants

Gend
ender Female: 15 (50 %)
Mean: 25 years
Age .
Standard deviation: 2.7 years|
Less than 6 months: 14
. . 6 months to less than 1 year: 4
Driving experience

1 year to less than 2 years: 7

2 years: 5

S/W: SCANeR studio
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ot O uf B 0B o [z
o o — oy ruz[ “
oo ol =
: :% -~ ot
- o e
N o
ph rlr ]
rO

o E

- o

o2 L

filo L%

ol X

ol >

>, i)

P e

B E

o 2

ox.

>,

[

o
o
ro
%
o
o,
19

oo
ol
H
i
ol
x2
)
b
M ol & £ 32 [o

5L, 9k o) QlEslo] 2% Bgske] Abd WA %
A= 2y 2ol )

Agt A% T8 T2 F A% B ] 2
Bso] 22 AL/ ALE: Alube] 0.8 28] Fagtt Al
S0 $AE TA9) $M R FUES Sgich. 27
Al Feel FiEl ol F AW S 4% AE
dolElol A ahAalo] A% 2ALE Eal QP ol s
o Thst QHARE, W AR Q1A o 4FY, A=
ol 7 o] 2 e 54, ol o) Qe o]
of A8 A2k, 7, E7h el UiF MERE AT

X Y 3Hci(Fig. 3).

o
N
N
(ot
g

Fig. 2 Experimental equipment

930 BIASABeAE =2 AR2A A1, 2024



7|12 22l S-S fISt T AS2M0lE] 7|4 ¢k CHm| QlIEjmo|A HF

Training on the experiment
(10min)

Filling out IRB consent form
(5min)

| Practice driving (10min)

Did the
participants
understand the
experiment?

I Main driving (10 min) }:
¥

I Survey (Smin) |

| Break (5min) |

| Final survey (10min) |

Fig.3 Experimental procedure
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4.2.1 CHO|A|ZKEvacuation Time, ET)

kA tiy] Qg FHo] 2 f-5ol W FARA Ay=
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I A ZH 24.69 s(FETH2E: 7.11s) 0] AT SPSS 26 S
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Table 4 Mean, standard deviation, and p-value of: Evacuation

Time
Evacuation time [s] Used Not used
Mean (SD) 25.06 (6.39) 24.69 (7.11)
p-value 0.823
45 o o system
I no system
40 o
e o
35
w 30
2
20
15
system no system

Fig. 4 Boxplot of evacuation time

B #lo] 2 ol uh2 o] AlRke] o] 7k xhol= glRd
THp=0.823)(Table 4, Fig. 4).

2 X3FZt MK Steering Wheel Angle Deviation, SWD)
B Aol A Z8F2} HX(Steering Wheel Angle Deviation,
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148 2% PR ro] ()7 FR - U5 B2 02
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o 3 QPAEE ST 2G7F WA dlolEiE
SPSS 262 o] &3te] -3 I ttest TA A A3} B
T o] 237 WAk frol gk 2bol = §lUth(Table 5,
Fig. 5).

4.2.3 X3k HEM-S(Steering Reversal Rate, SRR)
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A Eo] frefrl gk Zko] 7 AATHp=0.037). 2+ o
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Table 5 Mean, standard deviation, and p-value of SWD

SWD [degree]
Range End~2s 2~4s 4~6s 6~8s 8~10s
Utilization of
safety evacuation Used | Not used Used | Not used Used | Not used Used Not used Used Not used
interface
7.33 8.11 10.51 12.5 12.26 14.50 13.71 15.26 13.37 14.19
Mean (SD)
9.09) (8.00) (6.60) (11.63) (6.82) (12.75) (8.53) (13.98) (7.80) (13.52)
p-value 0.633 0.278 0.408 0.625 0.741
Table 6 Mean, standard deviation, and p-value of SRR
SRR [count/s]
Range End~2s 2~4s 4~6s 6~8s 8~10s
Utilization of
safety evacuation Used | Not used Used | Not used Used | Not used Used Not used Used Not used
interface
0.16 0.26 0.70 0.60 0.80 0.60 0.50 0.73 0.50 0.80
Mean (SD)
(0.37) (0.51) (0.69) (0.66) (0.70) (0.66) (0.56) (0.62) (0.56) (0.81)
p-value 0.326 0.522 0.161 0.129 0.037
o o system 3.0 ° system
70 B no system B no system
60 ° ° 25
50 2.0 S]
8 ol ° s
1 40 ° ° g 1.5
Q o o
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Fig. 5 Boxplot of steering wheel angle deviation
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4.3 M2 Z|H(Survey Indicator)
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Fig. 6 Boxplot of steering reversal rate
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Table 7 Mean, standard deviation, and p-value of survey indicator

Survey
Category Stability Situational awareness Concentration Stress
zit:cluzzzzg ?i:?;:z Used Not used Used Not used Used Not used Used Not used
Mean (SD) 5.00 3.00 5.00 3.00 5.00 3.00 4.00 4.00
(1.44) (1.08) (1.52) (1.43) (1.61) (1.31) (1.43) (1.78)
p-value of: Survey 0.001 <0.001 0.012 0.209
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Fig. 7 Boxplot of survey indicator
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